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How mitotic cell fate is regulated in the developing mammalian CNS is an important but largely unanswered
question. Recently reporting in Neuron, Godin et al. showed that Huntingtin, the protein mutated in Hunting-
ton’s disease, is required for both cerebral cortical neurogenesis and mitotic spindle function in neural
progenitors.Mitotic divisions of cells in culture simply
multiply the cell number, whereas cell
divisions in embryonic development not
only determine tissue mass but also
promote cell differentiation and generate
hierarchical tissue structures. One of
the key mechanisms by which stem or
progenitor cells produce differentiated
cells is through asymmetric cell division,
a process through which a progenitor
cell gives rise to two daughter cells that
are different in size, shape, protein
content, and developmental potentials.
In the developing cerebral cortex, neural
progenitors can potentially undergo both
symmetric and asymmetric divisions.
Whereas symmetric divisions expand the
progenitor pool, asymmetric divisions
generate cortical neurons of extraordinary
diversity. Regulating the pattern of mitotic
decisions is essential for controlling
neuronal birth date, identity, final destina-
tion, and function. It is therefore consid-
ered one of the most important mecha-
nisms that control cerebral cortical size
and neuronal organization.
For apical-basally polarized neural pro-
genitors, one possible way to achieve
asymmetric division, and thus asym-metric segregation of cell fate determi-
nants, is by modulating the orientation of
the mitotic spindle. Indeed, studies of
neuroblasts in Drosophila have shown
that the fate of daughter cells can be pre-
dicted by the orientation of the mitotic
spindle (Knoblich, 2008). However,
whether spindle orientation similarly regu-
lates mitotic cell fate in the mammalian
brain remains controversial. Early fluores-
cence time-lapse imaging studies sug-
gested that neurogenic divisions in the
mammalian developing cerebral cortex
are also achieved by ‘‘apical-basal’’
mitotic cleavages as observed in fly neu-
roblasts (Chenn and McConnell, 1995).
Although later work showed that mitotic
cleavage plane does not always pre-
dict cell fate, apical-basal cleavages did
increase from early to mid phase of
cortical neurogenesis (Haydar et al.,
2003). In contrast, recent analyses of
mice lacking Lgn, a protein known to be
a G protein modulator, showed that the
control of mitotic spindle orientation was
not sufficient to determine daughter cell
fate (Konno et al., 2008). The loss of Lgn
resulted in randomized mitotic spindles
but did not significantly affect overallcortical neurogenesis. It was unclear
whether this was due to compensations
for compound defects as a result of Lgn
deficiency. However, several other lines
of evidence still suggest a strong correla-
tion between altered spindle orientation
and neurogenic pattern. For example,
multiple proteins known to be indispensi-
ble for normal human or mammalian brain
functions have been found to play roles
in coordinating mitotic spindle orientation
and asymmetric neurogenic divisions.
These factors include LIS1, whose hap-
loinsuffciency causes lissencephaly
(smooth brain), Nde1, a cerebral cortical
partner of LIS1, and ASPM, recessive
mutations inwhich results inmicrocephaly
(small brain) (Feng and Walsh, 2004; Fish
et al., 2006; Yingling et al., 2008). In a
recently published study inNeuron, Godin
et al. (2010) now add Hungtingtin (htt) to
this list.
Huntingtin is a large cytoplasmic pro-
tein encoded by the gene that is mutated
by an expansion of CAG repeats in
Huntington’s disease (HD), a dominantly
inherited neurodegenerative disorder.
While the increased CAG repeats in HTT
lead to neuronal death in specific areas
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Previewsof the brain, the molecular function of the
HTT protein and the mechanism under-
lying the pathology of HD are still largely
elusive. HTT has been implicated in signal
transduction, microtubule-based trans-
port, and apoptosis protection in neuronal
cells. The loss of htt in mice results in
embryonic lethality, demonstrating its in-
dispensible role in mammalian develop-
ment.
In their study, Godin et al. (2010) identi-
fied a previously unrecognized role for htt
in mitosis. The authors found that local-
ized to the spindle pole, htt is responsible
for the recruitment of several key mitotic
players to the spindle apparatus. More
interestingly, htt is specifically required
for modulating the orientation of the
mitotic spindle without changing other
parameters of the cell cycle. In a mouse
striatum-derived neuronal cell line, knock-
ing down htt resulted in the disassociation
of dynein and NuMA from the spindle pole
as well as significant alteration of the
spindle axis with respect to the culture
substratum plane. While htt has been
known to regulate the dynein/dynactin
motors in axonal transport, its scaffold
function in localizing dynein/dynactin
complexes for proper alignment of the
mitotic spindle provides fresh insight into
themitotic regulation ofmolecularmotors.
Besides demonstrating a housekeeping
role for htt in mitosis, Godin et al. (2010)
also showed that htt was critically
required by neural progenitors of the
developing cerebral cortex to orient their
mitotic spindle axis in parallel to the apical
surface. Depletion of htt in cortical neural
progenitors by either RNA interference
(RNAi) or conditional knockout led to
significantly increased spindle misorien-
tation that was more in favor of apical-
basal cleavages. Such alteration of
mitotic cleavage orientation was strongly
correlated with the depletion of the pro-
genitor pool and the increased production
of postmitotic cortical neurons. Although
these data do not prove that neurogenic
fate is simply determined by the orienta-
tion of the mitotic spindle, they suggest
that spindle regulation may be part of an
evolutionarily conserved mechanism that
contributes to the asymmetric cell fatecontrol in the mammalian central nervous
system.
Another intriguing finding of this work
is that whereas the function of htt in
spindle regulation is conserved, its role
in progenitor fate control might be tissue
context dependent. Similar to what has
been observed in mammals, depletion of
Drosophila dhtt by RNAi or dhtt-ko muta-
tion results in altered mitotic spindle
orientation in neuroblasts. Although the
Drosophila dhtt protein could rescue the
spindle defect in mammalian cells when
htt is lost, the depletion of dhtt was
surprisingly not sufficient to induce neuro-
genesis defects in Drosophila neuro-
blasts. These findings suggest that the
mechanism of htt in mammalian neuro-
genic control may be mediated through
a regulatory module that has changed
through evolution.
The discrepancies in spindle-based
neurogenic fate regulation in flies and
mammals may also be due to cell struc-
tures and/or cell microenvironments
specific to mammalian neural progeni-
tors. Compared to the neuroblasts in
Drosophila, the majority of neural pro-
genitors in the developing cortex have
a more elaborated slender morphology
with very narrow apical surfaces. Thus,
a slight tilt of the mitotic spindle may
lead to biased bisections of apically local-
ized fate determinants (Kosodo et al.,
2004), though these determinants remain
poorly defined. Cortical neural progeni-
tors are also bombarded by temporally
and spatially regulated cell adhesion and
cell signaling cues. Although proper posi-
tioning and orientation of the mitotic
spindle require pulling forces to act on
the astral microtubules (MTs) which link
the spindle poles to the cell cortex by
dynein and dynactin complexes, it is
unclear how the dynein and dynactin
complexes are tethered to the cell cortex
and what instructs the function of the
motor proteins. Recent studies have
shown that the spindle axis orientation
could be controlled by cell-extracellular
matrix (ECM) interactions. The alignment
and rotation of the spindle are thus not
simply consequences of the physical
constraints that the spindle experiencesDevelopmental Cell 19inside the cell. The actin-based cell cortex
also plays an important role in guiding
spindle orientation with respect to extra-
cellular biochemical and mechanical
signals (The´ry et al., 2007). How does
the mitotic actin cortex communicate
with the motors and astral MTs? What
are the protein complexes that connect
the dynein/dynactin motors to the cell
cortex to allow them to be regulated by
spatial cues or the neurogenic niche? Is
htt also part of the mitotic actin cortex
that anchors the dynein/dynactin motors
and, at the same time, mediates the signal
transduction between spatial cues and
the spindle? If it is, then what are the
ECM and cell signaling cues that the htt-
associated complex receives for neural
progenitors to decide between symmetric
or asymmetric division? Answers to these
questions, as well as future exploration of
signals that temporally and spatially regu-
late the symmetric breaking mechanism
of neural progenitors, will be essential for
understanding the developmental control
of cerebral cortical neurogenesis.
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